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$\gamma\equiv 4\pi G\rho/3$ ( $G$ ) $r$
( )
66
$T_{s}(r)=-\beta r^{2}/2+T_{0}$ $\beta\equiv H/(3\kappa C_{p}),$ $\kappa$ $C_{p}$
To $d\equiv r_{out}-r_{in}$ $d^{2}/\nu$
$\nu^{2}/(\gamma\alpha d^{4})$ ( $\nu$ $\alpha$ ).
$\rho v^{2}/d^{2},$ $\rho d^{5}$ $\Omega k$
$U$ $\Theta$ ($T_{S}$ )
$\nabla\cdot U=0$ , (1)
$\frac{\partial U}{\partial t}+(U\cdot\nabla)U+\tau k\cross U=-\nabla\pi+\Thetar+\Delta U$, (2)
$P( \frac{\partial\Theta}{\partial t}+(U\cdot\nabla)\Theta)=RU\cdot r+\nabla^{2}\Theta$ , (3)
$\ovalbox{\tt\small REJECT}\frac{d\tilde{\Omega}_{in}}{dt}=N$
in $(U)$ , (4)
$I_{out} \frac{d\tilde{\Omega}_{out}}{dt}=N_{out}(U)$ , (5)
$I_{in},$ $I_{out}$ $N_{in},$ $N_{out}$
:









$U(r=r_{in}, \theta, \phi, t)=\tilde{\Omega}_{in}\cross(r_{in}e_{r}) , U(r=r_{out}, \theta, \phi, t)=\tilde{\Omega}_{out}\cross(r_{out}e_{r})$ , (7)




$+ \frac{r_{out}^{3}}{r_{out}^{3}-r_{in}^{3}}(r-\frac{r_{in}^{3}}{r^{2}})(e_{r}\cdot\tilde{\Omega}_{out})$ , (10)
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$w_{S}$ (2)
Stokes (Landau and Lifshitz [16]). $v$ $w$





$P \frac{\partial\Theta}{\partial t}=R\hat{L}_{2}v+\nabla^{2}\Theta-P(U\cdot\nabla)\Theta$, (14)
$I_{in} \frac{d\tilde{\Omega}_{in}}{dt}=N_{in}(U)$ , (15)
$I_{out} \frac{d\tilde{\Omega}_{out}}{1dt}=N_{out}(U)$ . (16)
$\hat{L}_{2},\hat{Q}$ ( ) $\theta$ ( ) $\phi$
$\hat{L}_{2}=-\frac{1}{\sin^{2}\theta}[\sin\theta\frac{\partial}{\partial\theta}(\sin\theta\frac{\partial}{\partial\theta})+\frac{\partial^{2}}{\partial\phi^{2}}]$ , (17)













$4_{I}.2$ 4. $4$ $4_{1}.6$ $4_{1}.8$ 5. $0$ $R\int R_{C}$$\frac{\sim}{I1[]I\prime}$
$\frac{2_{I}.72_{I}.82_{I}.93_{1}.03_{I}.13_{I}.2R\cross 1_{\sim}0}{IIIIII\prime}-4$
$QP^{S}$ $Q^{S^{-\gamma}}$ $Q^{\searrow_{K}-}$ $\ovalbox{\tt\small REJECT}_{\int}w_{t}^{-\backslash }*$ $C^{A}$
$QP^{S}$ $QP^{S}$ $QP^{S}$ $QP^{A}$ $QP^{A}$ $C^{A}$
2: $R$ 3
QPs: ( ) QPA: ( ) $c^{s_{:}}$
$c^{s_{:}}$ $R_{c}=6387$
:
$U_{r}(r, \theta, \phi)=\pm U_{r}(r, \pi-\theta, \phi)$ ,
$U_{\theta}(r, \theta, \phi)=\mp U_{\theta}(r, \pi-\theta, \phi)$ ,
$U_{\phi}(r, \theta, \phi)=\pm U_{\phi}(r, \pi-\theta, \phi)$,
$\Theta(r, \theta, \phi)=\pm\Theta(r, \pi-\theta, \phi)$.
2 $2.7\cross 10^{4}\leq R\leq 3.2\cross 10^{4}$









$QP^{S}$ ), $R=3.0\cross 10^{4}$ ( $C^{S}$ ,
$QP^{A}$ ), $R=3.4\cross 10^{4}$ ( $C^{A}$ )
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Time
3: $R=2.6\cross 10^{4}$ $QP^{S}$
( ): $(\tilde{\Omega}_{in,z}\equiv k\cdot\tilde{\Omega}_{in},\tilde{\Omega}_{out,z})$
( ): $t=1.5$ $-r(\partial v/\partial\phi)$ ,
$\omega_{z}\equiv k\cdot(\nabla xU)$ , $(U_{\phi}\rangle.$
$R=2.6x10^{4}$ $QP^{S}$ ( ( ) )
: $\tilde{\Omega}_{in,z}=-7.0\pm 1.5,\tilde{\Omega}_{out,z}=+0.42\pm 0.017$ ( 3 ). 3 2
$QP^{S}$ $m=2$
63% $m=2$ 3 2










$R=2.6\cross 10^{4}$ $QP^{S}$ $($ $\overline{v_{p}}\simeq-2.1)$ .
$QP^{S}$ 1%
$R=3.0x10^{4}$ $C^{S}$






( 4 2 ). retrograde
prograde ( 4 ).
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4: $R=3.0\cross 10^{4}$ $C^{S}$
3 $t=0.2$ 3 $t=0.2$
( 3 ).
$\tilde{\Omega}_{in,z}<0$ $C^{s}$ 3 $QP^{S}$ $(R=2.6\cross 10^{4})$
$t=0.2$ $\tilde{\Omega}_{in,z}>0$ (
) $m=2$ $t=0.2$ $m=4$
$m=5$ ( 4 ). prograde
retrograde
( 4 ). $CS$ $QPS$
3 $R=3.4\cross 10^{4}$
$C^{A}$ ( 5). $\tilde{\Omega}_{in,z}$ $(\tilde{\Omega}_{in,z}=\prime-4.1)$




$(\tilde{\Omega}_{in,x},\tilde{\Omega}_{in,y} 0.5 )$ .
12%
( 5 )
$\tilde{\Omega}_{in,z}<0$ $C^{A}$ $QP^{S}$ $t=2.2$
$m=2$ ( 5 )
( upper rightmost panel in Fig. 5 )
$QP^{S}$ $\tilde{\Omega}_{in,z}>0$ $C^{A}$ $QP^{S}$
$C^{S}$ $\tilde{\Omega}_{in,z}>0$ $t=3.9$
$m=4$ $m=5$ ( 5 )
prograde retrograde
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5: $R=3.4\cross 10^{4}$ $C^{A}$
( ): $\overline{\Omega}_{in}$ , ( ): $\tilde{\Omega}_{out},$
( 3 ): $t=2.2$ ( 3 ): $t=3.9$
( ):
–
$\langle U\phi$ $\rangle$ . 3
( 5 ).




$\eta=0.4$ , $P=1$ , $\tau=500,$
$I_{in}\simeq 0.22$ , $I_{out}=100$ 3
$2.6\cross 10^{4}\leq R\leq 3.4\cross 10^{4}$
$QP^{S}arrow C^{S}arrow C^{A}$











6: $(R=3.0\cross 10^{4})$ . ( ):
$TW$4( ), ( ):
$TW$5 ( ), ( ): $t=0.2$ $C^{S}$
( 4 ).
1 $R=3.0\cross 10^{4}$ $C^{S}$ ( 4).
retrograde
prograde $\tilde{\Omega}_{in,z}<0$ $C^{S}$ $R=2.6\cross 10^{4}$
$QP^{S}$ $\tilde{\Omega}_{in,z}>0$
$R=3.4\cross 10^{4}$ $C^{A}$ ( 5) $R=3.0\cross 10^{4}$ $C^{S}$
$CA$
$C^{S}$ $(R=3.0\cross 10^{4})$ $C^{A}$ $(R=3.4\cross 10^{4})$ $\tilde{\Omega}_{in,z}<0$ $QP^{S}$
$(R=2.6\cross 10^{4})$ $\tilde{\Omega}_{in,z}<0$ $QP^{S}$
6
$TW$4 $TW$5 $(R=3.0\cross 10^{4})$ $C^{S}$
$(R=3.0\cross 10^{4}, t=0.2)$ 2 $TW$4 ($TW$5)
4(5)
$TW$4






, $QP^{S}$ $TW$4 $TW$5 $QP^{S}$
1 $m_{c}=4$ [10]
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